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$EVWUDFW
0RGHUQ FRPPXQLFDWLRQ FLUFXLWV XVH D YDULHW\ RI PRGXODWLRQ VFKHPHV 7KH WHFKQRORJ\ LV FKDQJLQJ GD\ E\ GD\ DQG QHZ
WHFKQRORJLHVDUHHPHUJLQJ7KHXVHRIYDULRXVPRGXODWLRQVFKHPHVPDNHVFRPSDWLELOLW\DSUREOHP$OVRWKHUDGLRV\VWHPVKDYH
WREHFRPHLQWHOOLJHQWWRPDNHWKHPDGDSWWRYDULRXVFKDQQHOFKDUDFWHULVWLFVDQGQRLVH7RUHGXFHWKHVHSUREOHPVDQGWRPDNHWKH
FRPPXQLFDWLRQ V\VWHPV RSHUDWH XQGHU YDULRXV FRQGLWLRQV 6RIWZDUH 'HILQHG 5DGLRV LV D YLDEOH RSWLRQ 7KH\ DUH KLJKO\
UHFRQILJXUDEOH DQG WKHLU XVH RI VRIWZDUH WR SHUIRUPPRGXODWLRQ DQG GHPRGXODWLRQPDNHV WKHP VXLWHG WR WKH FRPPXQLFDWLRQ
GHPDQGVRIWKHPRGHUQZRUOG+HUHZHSUHVHQWD6RIWZDUH'HILQHG5DGLRWKDWRSHUDWHVLQWKH9+)UDQJH,WLVYHU\FRPSDFWDQG






&RQYHQWLRQDO UDGLRV\VWHPVXVH IL[HGKDUGZDUH WRSHUIRUPPRGXODWLRQDQGGHPRGXODWLRQ ,Q6RIWZDUH'HILQHG
5DGLRV6'5VWKHVHRSHUDWLRQVDUHFDUULHGRXWLQVRIWZDUHDQGWKHQFRQYHUWHGIURPDQGWRDQDORJUDGLRIUHTXHQF\
5) VLJQDOV XVLQJ DSSURSULDWH $QDORJ WR 'LJLWDO &RQYHUWHUV $'& DQG 'LJLWDO WR $QDORJ &RQYHUWHUV '$&
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$V PRGXODWLRQ DQG GHPRGXODWLRQ DUH FDUULHG RXW LQ VRIWZDUH WKH V\VWHP EHFRPHV YHU\ IOH[LEOH 0RGXODWLRQ
SDUDPHWHUV FDQ EH FKDQJHG HDVLO\ E\ FKDQJLQJ WKH VRIWZDUH 7KLV FDQ EH FDUULHG RXW LQ UHDOWLPH ZLWKRXW DQ\
KDUGZDUHPRGLILFDWLRQV
7KH PDMRU GLIIHUHQFH EHWZHHQ D 6'5 DQG KDUGZDUH UDGLR OLHV LQ WKH XVH RI WKH XVHU HQG WR VFDQ DYDLODEOH




















KDV D KLJKHU VDPSOLQJ IUHTXHQF\ 7KH UDGLR RSHUDWHV LQ KDOIGXSOH[PRGH WKDW LV LW FDQ RQO\ HLWKHU WUDQVPLW RU
UHFHLYH DW D WLPH 1R SRZHU DPSOLILFDWLRQ VHFWLRQ ZDV XVHG DV WKH PDLQ DLP ZDV WR WHVW WKH
PRGXODWLRQGHPRGXODWLRQ
7KXV WKH RSHUDWLRQ RI WKH UDGLRPD\ EH VXPPDUL]HG DV IROORZV 7KH UHTXLUHG IUHTXHQF\ RI RSHUDWLRQ DQG WKH
GLUHFWLRQDUHFKRVHQDWWKH3&7KHUDGLRWKHQJHWVUHDG\WRRSHUDWHZLWKWKHVHSDUDPHWHUV7KHVLJQDOVDUHWKHQIHG
WR DQG IURP WKH 3& WR WKH UDGLR YLD WKH VRXQGFDUG 7KH UHTXLUHG PRGXODWLRQ DQG GHPRGXODWLRQ FDQ EH WKHQ
SHUIRUPHGLQVRIWZDUHOLNH0$7/$%6LPXOLQN6'5VKDUS*18UDGLRHWF
+DUGZDUH'HVFULSWLRQ
3.1. Block Diagram 
7KHEORFNGLDJUDPRI WKHUDGLR LVJLYHQ LQ)LJ7KHFLUFXLWXVHVVXSHUKHWHURG\QHDUFKLWHFWXUH 7ZRVWDJHVRI
PL[LQJDUHHPSOR\HGRXWRIZKLFKRQHLVTXDGUDWXUHPL[LQJ7KHVLJQDOVIURPWKHDQWHQQDDUHSURYLGHGWRWKHUDGLR
7KH UDGLR KDV D GRZQFRQYHUWHU VHFWLRQZKLFK FRQVLVWV RI D ILOWHU IRU 0+] D SURJUDPPDEOH YHU\ KLJK




WKH RVFLOODWRU LV 0+] EHORZ WKH GHVLUHG IUHTXHQF\ DV LQ UHFHLYH FDVH 7KLV VWDJH WKXV VXSSRUWV ELGLUHFWLRQDO
RSHUDWLRQ






WRVKLIW WKH9ORJLFIURPWKHPLFURFRQWUROOHU WR9ORJLFVXLWDEOHIRU6LDOVR LVFDUULHGRXWXVLQJ026)(7





7KH FRQYHUWHU VHFWLRQ LV IROORZHGE\ WKHEDQGSDVV ILOWHU VWDJH ,W KDV D WXQHG/& ILOWHU IRU0+]DQG VRPH
VLPSOH WUDQVLVWRU DPSOLILHUV EDVHG RQ %) KLJK IUHTXHQF\ WUDQVLVWRUV 7KLV VWDJH KDV VHSDUDWH SDWKV IRU
WUDQVPLWWLQJDQGUHFHLYLQJDQGRQO\RQHLVHQDEOHGDWDWLPH7KLVLVFDUULHGRXWE\SRZHULQJHLWKHUWKHWUDQVLVWRUVLQ
WKHWUDQVPLWSDWKRUUHFHLYHSDWKDVUHTXLUHG7KH\DFWDVELGLUHFWLRQDOWUDQVPLWUHFHLYHILOWHUV









WKHGRZQFRQYHUWHGVLJQDOGXULQJ UHFHSWLRQDQG VXPV WKH WZR VLJQDOVGXULQJ WUDQVPLVVLRQ7KHPL[HUV DUH OHYHO
6%/PL[HUVIURP0LQL&LUFXLWV>@$WWKHRXWSXWRIWKHPL[HUWKHVXPDQGGLIIHUHQFHVLJQDOVDUHREWDLQHG7KH
VXPLVLQWKHUDQJHRIDSSUR[LPDWHO\0+]ZKLFKLVQRWUHTXLUHG7KHGLIIHUHQFHVLJQDOVIURPWKH,DQG4PL[HUV
FRQWDLQ WKHPRGXODWLRQ LQIRUPDWLRQ 7KLV LV WKHQ IHG WR WKH 3& YLD WKH VWHUHR VRXQG FDUG DQG GHPRGXODWHG )RU
WUDQVPLVVLRQWKHVLJQDOVIURPWKHVRXQGFDUGDUHSURYLGHGWRWKHPL[HUVDQGWKH,4PRGXODWHGVLJQDOVJHWDGGHGDQG
SURYLGHGWRWKHILOWHULQJVWDJHGHVFULEHGDERYH
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$Q$7PHJDPLFURFRQWUROOHU>@LVXVHGWRFRQWUROWKHRSHUDWLRQRIWKHHQWLUHUDGLR,WUHFHLYHVWKHIUHTXHQF\DQG
GLUHFWLRQ WUDQVPLWUHFHLYH LQIRUPDWLRQ IURP WKH 3& YLD D86% WR8$57 EULGJH ,W WKHQ FDOFXODWHV WKH UHTXLUHG
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$VLPSOLILHGIORZFKDUWWRVKRZWKHILUPZDUHRSHUDWLRQVLVJLYHQLQ)LJ7KHILUPZDUHLVWKHVRIWZDUHZULWWHQ
LQWRWKHPLFURFRQWUROOHUWRDFFHSWWKHGDWDVHQWIURPWKH3&DQGFRQYHUWLWLQWRUHJLVWHULQIRUPDWLRQDQGVZLWFKLQJ
LQIRUPDWLRQ 7KH GDWD VHQW IURP 3& YLD WKH 6'5 FRQWURO FHQWHU KDV WZR SDUWV  IUHTXHQF\ DQG 75 GLUHFWLRQ
LQIRUPDWLRQDVGHVFULEHG LQVHFWLRQ7KHILUPZDUHVHSDUDWHV WKHPFKHFNVZKHWKHU WKHGDWDUHFHLYHG LVFRUUHFW
DQG FDOFXODWHV WKH ELWV IRU WKH 6L UHJLVWHU 7KH ILUPZDUH DOVR FRQWUROV WKH ELGLUHFWLRQDO VZLWFKLQJ WR HLWKHU







4.3. Modulation/Demodulation Software 
7RSHUIRUPPRGXODWLRQGHPRGXODWLRQGLIIHUHQWVRIWZDUHPD\EHXVHG7RSHUIRUPPRGXODWLRQ0$7/$%ZDV
PDGHXVHRI$0$7/$%VFULSWZDVXVHGWRJHQHUDWHDWRQHWREHWUDQVPLWWHG+RZHYHUWRSHUIRUPVLPSOH'RXEOH
6LGH %DQG6XSSUHVVHG &DUULHU '6%6&PRGXODWLRQ DXGLR FDQ EH GLUHFWO\ IHG WR WKH ERDUG DQG WKH UDGLR ZLOO







7KH LQLWLDO WHVWVVKRZHGVDWLVIDFWRU\UHVXOWV7KHDFFXUDF\RI WXQLQJZDV IRXQG WREHRI WKHRUGHURIRQH.+]
5HFHSWLRQWHVWVZHUHFDUULHGRXWXVLQJDVKRUWOHQJWKRIZLUHDVDQDQWHQQDFRQQHFWHGWRWKHUDGLR7KHPRGXODWLRQ
HPSOR\HG ZDV 1DUURZ %DQG )UHTXHQF\ 0RGXODWLRQ 1%)0 DQG IUHTXHQF\ RI RSHUDWLRQ ZDV FKRVHQ WR EH





8QGHU WKH WUDQVPLW PRGH WKH RSHUDWLRQZDV FDUULHG RXW E\ VHQGLQJ D VLPSOH DXGLR VLJQDO LQWR WKH UDGLR YLD
VRXQGFDUG IRU'6%6& RSHUDWLRQ DQG YLHZHG WKH VSHFWUXP LQ D VSHFWUXP DQDO\]HU 7KH VSHFWUXP GLVSOD\HG WKH
FDUULHU OHYHOV ZHOO EHORZ WKH UHTXLUHG VLGHEDQGV 7KLV VKRZHG VDWLVIDFWRU\ PRGXODWLRQ FKDUDFWHULVWLFV +RZHYHU









ZLWKD VSHFLDOL]HG$'&DQG'$&ERDUGPDNLQJ WKLVFLUFXLWXVHIXO IRUXSFRPLQJDSSOLFDWLRQV OLNH'LJLWDO9LGHR
%URDGFDVWLQJDQGWKHUHXVHRIZKLWHVSDFHVLQ9+)WHOHYLVLRQVSHFWUXP:LWKVRPHVOLJKWFKDQJHVLQWKHILUPZDUH
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DQGDSSURSULDWHEDQGVZLWFKLQJDUUDQJHPHQWWKLVUDGLRFDQEHPDGHWRRSHUDWHLQYDULRXVRWKHUEDQGVUDQJLQJIURP
0+] WR 0+] 7KLV IHDWXUH FDQ EHPDGH XVH RI WR FRQVWUXFWZLGH IUHTXHQF\ FRYHUDJH 6RIWZDUH'HILQHG
5DGLR'LIIHUHQWVRIWZDUHPD\EHGHYHORSHGWRPDNHIXOOXVHRIWKLVERDUGIRUDSSOLFDWLRQVVXFKDVIRUVLPSOH9+)
UDGDURUSDFNHWGDWDFRPPXQLFDWLRQWHUPLQDO8VLQJ)3*$VLQVWHDGRISHUVRQDOFRPSXWHULWLVSRVVLEOHWRLPSURYH
WKHPRGXODWLRQFKDUDFWHULVWLFVDVZHOODVEDQGZLGWK
$FNQRZOHGJHPHQWV
7KLVSURMHFWZDVFDUULHGRXWZLWKIXQGLQJIURP7(4,3SKDVH,,LPSOHPHQWHGDW*&(.XQGHUSURMHFWFRGH
7560:HH[SUHVVRXUVLQFHUHJUDWLWXGHWRDOORXUWHDFKLQJDQGQRQWHDFKLQJVWDIIRI*&(.IRUWKHLUYDOXDEOH
KHOSLQWKHVXFFHVVIXOFRPSOHWLRQRIWKLVSURMHFW:HDOVRZLVKWRWKDQNRXUKDPUDGLRIULHQGVZKRKHOSHGXVLQ
SHUIRUPLQJFHUWDLQWHVWVDQGJDYHXVYDULRXVVXJJHVWLRQV
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